Abstract. Because a practical supply chain is not an ideal supply chain, there always exists a risk of destruction and disruption and the risk is apt to synchronize. It, therefore, is needed to analyze the effect of a risk of destruction and disruption, which occurs simultaneously in an enterprise network and to make a method to minimize the risk. This paper uses agent-based simulation (ABS) and system dynamics (SD) to develop a supply chain model. This study, also, analyzes the effect of three experimental models and provides a method to control it.
Introduction
Realistically, a supply chain has a risk of destruction and disruption caused by uncertainty and outward influences. The risk gives a detrimental effect on organizational performances [1] . The supply chains of Ford and Toyota were severely affected by it after the terrorist attacks of September 11, 2001 [2] . A factory that manufactures around 25% of total global output of HDD was stopped because the strongest flooding the first in fifty years occurred in Thailand [3] .
The destruction of a supply chain has been studied from a topological perspective to evaluate which is the most effective network. The effectiveness of a supply chain was examined in terms of its robustness, responsiveness, flexibility, and adaptivity when its nodes (tiers) were destructed [4] [5] . The disruption of a supply chain, on the other hand, has been studied from a resilience perspective as its inventory and manufacturing capacity can function as a buffer [6] . In reality, the two factors should be simultaneously considered because the destruction and the disruption of a supply chain multiply occur in a network.
This paper, therefore, considers a supply uncertainty and a demand uncertainty of a supply chain and proposes a method to evaluate and control the supply chain which has a risk of destruction and disruption in view of agent-based simulation (ABS) and system dynamics (SD)
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Agent-Based Modeling
The efficiency optimization of a supply chain which is connected to business is associated with a product and a part coming from companies dispersed in all over the world. Also, the importance and the difficulty of a supply chain are increasing more and more because a manager tries to increase availability of a product while decreasing inventory. The agent-based modeling of a supply chain, therefore, is a good method to study the process of an order fulfillment and to evaluate the efficiency of a business strategy, and the usability of agent-based model (ABM) is increasing to achieve the objectives [7] .
Wikipedia [8] explained that "An agent-based model is a class of computational models for simulating the actions and interactions of autonomous agents (both individual or collective entities such as organizations or groups) with a view to assessing their effects on the system as a whole." Macal & North [9] explained that "Agent-based modelling and simulation (ABMS) is a relatively new approach to modelling systems composed of autonomous, interacting agents." An agent has simple rules and a behavior which is often explained by interaction with other agents. And the agents affect each other by their behaviors.
Agent-based Supply Chain Model
This study uses "AB Market and SD Supply Chain" of AnyLogic [10] as a basic model and also extends the model to test a risk of destruction and disruption (Fig. 1) .
Fig. 1. A normal supply chain
This model supposes that Manufacturer A makes a product, A and Manufacturer B makes a product, B and Manufacturer A and B send products to Retailer A and B with a distribution time, 2 days, each. Manufacturer A and B make manufacturing production using order information which is collected from customers and the tentative information of customers, not order information requested from Retailer A and B. Fig. 2 gives 3 test models (Case 1 to Case 3) about problems which are occurred in a supply chain network. A customer should select a product wanted between a product A and B, wait a given time if there is no a product to buy it, and buy another product if there is no a product wanted in a waiting time. We call these dynamic properties and make a model using system dynamics.
Fig. 2. An abnormal supply chain with a risk of destruction and disruption
Model Evaluation and Result Analysis
In an agent-based supply chain model of Chapter 3, this paper proposed 3 test models (Case 1~ Case 3) to evaluate the effect of a risk of destruction and disruption of an enterprise network. If there is no a risk of destruction and disruption it is a normal supply chain and then the demand and supply of a product A and B is 50:50 (Fig. 3) .
Fig. 3. Demand and supply of a normal supply chain
The effect caused by a risk of destruction and disruption of a supply chain is analyzed by the results of Case 1 and 3. The result of Case 1 explains that Manufacturer A does not give Retailer A the volume of orders requested because Manufacturer A was destroyed (Fig. 4) . 
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Conclusions and Future Works
This paper proposed a method to analyze a supply chain network with a risk of destruction and disruption using an agent-based modeling and simulation and to control it. Manufacturer, Retailer, and Customer are modeled as an agent in a supply chain model using an agent-based simulation. Also Customer is modeled as a system dynamics method because it should consider various conditions and situations about a product A and B which can be bought. This study made the test models, Case 1~ Case 3 and analyzed the results to grasp the effect that a risk of destruction and disruption of a supply chain gives to the entire enterprises" network. From the results, in the same supply chain network, if a company has a problem the problem affects other many enterprises which are not directly associated with the company.
This study proposed that all enterprises should collaborate with each other and control effectively the risk when a risk of destruction and disruption is occurred. A viable control strategy is warranted, however, to solve a risk of destruction and disruption of an enterprise network and to further improve it if needed.
